Introduction {#sec1-1}
============

The role and timing of surgical decompression after an acute spinal cord injury (SCI) remain controversial. Despite an enormous amount of interest and research in SCI, the prognosis for neurologic recovery in patients with severe SCI remains poor. Prevalence of traumatic SCI worldwide is approximately 750/million with an annual incidence that appears to be rising.\[[@ref1]\] Majority of patients with SCI are young,\[[@ref2]\] making immense economic and social impact. The primary mechanism is rapid spinal cord compression caused by bone displacement from a fracture-dislocation or burst fracture, and is irreversible. It also initiates a cascade of secondary injury mechanisms, including ischemia, and lipid peroxidation.\[[@ref3]\] The increased understanding of the pathophysiology of acute SCI has led to clinically relevant neuroprotective therapies to attenuate the effects of the secondary injury. The development of these secondary injury events, which lead to tissue destruction during the first few hours after injury, is of relevance to the surgical treatment of SCI as well. There is experimental evidence suggesting that persistent compression of the spinal cord is a potentially reversible form of secondary injury.\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13]\] However, despite its widespread use in patients with acute SCI at most of the hospitals in developed countries, the role of surgery in improving neurologic recovery remains controversial because of the absence of well-designed randomized controlled trials.\[[@ref14]\] The presence and duration of a therapeutic window, during which surgical decompression could mitigate the secondary mechanisms of SCI, remain unclear.\[[@ref14]\] Moreover, the practical and logistical challenges related to early decompression of patients with an acute SCI remain important issues for clinical caregivers.

Materials and Methods {#sec1-2}
=====================

The study was conducted to compare clinical outcomes and patient\'s quality of life between surgically treated patients in early and late surgery group. The study was conducted at Department of Neurosurgery, Jai Prakash Narayan Apex Trauma Center, All India Institute of Medical Sciences, New Delhi. This prospective observational study included patients admitted with acute subaxial cervical spinal cord trauma in the Trauma Center between November 2011 and April 2013 and was carried out after taking the necessary clearance from the Institutional Ethics Committee. The possibility of randomized analysis to compare outcome was not considered because of ethical concerns about allocating a deteriorating patient to delayed decompression.

The inclusion criteria were: (1) Cervical SCI of American Spinal Injury Association (ASIA) Grade A, B, C or D; (2) admitted within 7 days of injury, (3) spinal cord compression determined by magnetic resonance imaging (MRI)/computed tomography (CT) and (4) age 16--75 years. The exclusion criteria were: (1) Penetrating or gunshot injury, (2) cognitive impairment preventing neurologic assessment, (3) multiple life-threatening injuries, (4) medically unstable patients including those with myocardial infarction within 3 months, (5) previous neurological injury/cerebrovascular disease with neurological deficits and (6) cancer/AIDS/ankylosing spondylitis/uncertain follow-up.

Neurological assessment was done using ASIA\[[@ref15]\] Impairment Scale (AIS), preoperatively, postoperatively and during follow-up. All patients underwent radiological evaluation including noncontrast CT (NCCT) scan and MRI of the cervical spine to determine level of spine injury, spinal cord compression, signal changes, associated cord edema and cord contusions, canal compromise, alignment of spine curvature, and antero-posterior diameter at the level of maximum compression.

Patients were divided into two groups based on the duration from injury to surgery, within 48 h (Group A) and between 48 h and 7 days (Group B). Surgical approach (anterior or posterior or combined 360° approach (anterior and posterior), and levels of decompression and type of instrumentation were decided by operating surgeon \[[Table 3](#T3){ref-type="table"}\].
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Preoperative AIS and level of injury
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Duration of surgery and blood loss
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The endpoints for this study were neurological outcome (ASIA scale) assessed at 3, 6, and 12 months, quality of life assessed by the Short Form-36 (SF-36) questionnaire at 3 and 6 months and bony fusion assessed by NCCT scan at 3 months using the Bridwell grading system.\[[@ref16]\] Good fusion was defined when Grade I and II fusion was noted on CT scans while, pseudoarthrosis was defined when Grade III and IV changes were noted on CT scan of cervical spine postoperatively.

Statistical analysis {#sec2-1}
--------------------

Statistical analysis was done using? SPSS software (Version 17.0). For qualitative variables, Chi-square test and Fisher\'s test were done. For quantitative variables, Student\'s *t*-test and Mann--Whitney test were done. Univariate and multivariate regression analysis were done for the predictors of outcome such as age, gender, preoperative AIS scale, associated injury, comorbidities, administration of steroid, preoperative closed reduction, level of injury, associated cord contusion, and postoperative complications.

Results {#sec1-3}
=======

A total of 206 patients were operated for cervical spine injury during the study period. Of them, 69 patients met the inclusion criteria and were divided into two groups according to duration from injury to surgery. Twenty-three patients (33%) were included in the early surgery group and 46 patients (67%) in late/delayed surgery group \[[Figure 1](#F1){ref-type="fig"}\].

![Patient selection flowchart](AJNS-10-158-g004){#F1}

Demographic data {#sec2-2}
----------------

Mean age in Group A was 36.1 ± 11.5 and ranged from 18 to 60 years compared to 35.5 ± 11.6 in Group B with a range of 16--60 years (*P* = 0.82). In Group A, 18 (78%) were male and 5 (22%) were females as compared to Group B in which 43 (93%) male and 3 (7%) female (*P* = 0.06). In both the groups, fall was the most common mode of injury \[[Table 1](#T1){ref-type="table"}\]. In Group A, 4 patients had other associated injury, 2 (8%) patients had associated minor head injury, and other 2 (8%) patients had a long bone fracture. While in Group B, 6 patients (13%) had associated head injury, 2 (4%) patients had associated with long bone fracture and 5 (11%) patients with poly-trauma (chest and abdominal injury) (*P* = 0.36).

Preoperative American Spinal Injury Association Impairment Scale and level of injury {#sec2-3}
------------------------------------------------------------------------------------

In group preoperative injuries were of ASIA scale A in 10 (43%) patients, ASIA B in 8 (35%), while in Group B, 21 (46%) patients were in ASIA scale A, 11 (24%) patients in ASIA scale B \[[Table 2](#T2){ref-type="table"}\]. In Group A, most commonly affected level in subaxial cervical spine injury was C5--6 level with 10 (44%) patients, followed by C6--7 in 7 (30%) patients. In Group B, C6--7 level was most commonly affected in 17 (37%) patients followed by C5--6 level involved in 15 (33%) patients. Facet/fracture dislocation type injury were present in 26 (38%) patients, 8 (35%) in Group A and 18 (38%) patients in Group B \[[Table 2](#T2){ref-type="table"}\].

Magnetic resonance imaging findings {#sec2-4}
-----------------------------------

Magnetic resonance imaging of cervical spine was done in 55 (80%) patients. In Group A, MRI was done in 12 (52%) patients while in Group B, it was done in 43 (94%) of patients. Cord edema and contusion were seen in 10 (83%) and 3 (25%) in Group A and 41 (95%) and 18 (42%) in Group B, respectively. The differences in findings were due to lesser patients in Group A in whom MRI was performed.

Surgery {#sec2-5}
-------

Patients in Group A were operated at a mean 30.5 ± 14.1 (range: 6--48) h after injury as compared to 111.2 ± 40.7 (range: 52--168) h in Group B patients.

In Group A, 21 (92%) patients underwent surgery through anterior approach, 1 (4%) with posterior approach and 1 (4%) with combined approach. In Group B, 39 (85%) were operated by anterior approach, 3 (6%) by posterior approach and 4 (9%) operated by combined approach \[[Figure 2](#F2){ref-type="fig"}\].

![(a) Noncontrast computed tomography (NCCT) of cervical spine with C6--7 listhesis and bilateral locked facets; (b) Magnetic resonance imaging of cervical spine showing severe cord compression at C6--7 level with cord edema from CVJ to D1. (c and d) Postoperative NCCT scan showing good lordosis of cervical spine achieved with C6--7 discectomy, iliac crest graft with plating and posterior fixation](AJNS-10-158-g005){#F2}

Postoperative events {#sec2-6}
--------------------

Postoperative ventilator support was required in 46 (61%) patients. Prolonged ventilator support was required in 9 (39%) patients in Group A and 26 (57%) in Group B (*P* - 0.20). Pulmonary complications were noted in 8 (35%) patients in Group A as compared to 18 (40%) patients in Group B, which included infection, effusions, and ventilation-related complications. Systemic infections developed in 1 (4%) patient in Group A as compared to 5 (11%) in Group B. One patient in Group A developed trachea-esophageal fistula in postoperative period, which was managed conservatively. One patient in Group B developed implant infection with an epidural collection with subsequent deterioration in power for which urgent implant removal was done, and collection drained. Fixation was done at a later date through posterior approach. In the postoperative period, one patient developed massive pulmonary embolism and died while another had an enteric perforation, underwent exploratory laparotomy, developed sepsis and died. Over all the complication rate was 43% in Group A as compared to 61% in Group B (*P* = 0.17). Mortality rate in Group A was 30% as compared to 45% in Group B (*P* - 0.30). In hospital mortality was 4 (17%) in Group A and 14 (30%) in Group B (*P* - 0.38) \[[Table 4](#T4){ref-type="table"}\].
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Complication rate in patient groups
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Follow-up {#sec2-7}
---------

Thirteen patients completed mean follow of 6.9 ± 4.8 months in Group A and 22 patients in Group B with mean follow-up of 9.9 ± 5.9 months (*P* - 0.12). Six patients, 3 (13%) in Group A and 3 (7%) in Group B were lost to follow-up. This difference in follow-up was statistically not significant.

Neurological status {#sec2-8}
-------------------

At last follow-up 22 (63%, of the 35 patients with long follow-up patients) had improvement in ASIA grade in both groups, 9 (69%, out of 13 followed up) patients in Group A as compared to 13 (59%, out of 22 followed up) patients in Group B (*P* - 0.72). More than 2 ASIA grade improvement was noted in 4 (31%) patients in Group A and in 7 (32%) patients in Group B \[[Table 5](#T5){ref-type="table"}\]. On multivariate logistic regression after removing significant baseline factors, difference in improvement in ASIA scale between the two groups were not significant (*P* - 0.54, odds ratio: 1.58; confidence interval: 0.36--6.86). The factors like administration of methylprednisolone (2 patients \[9%\] were given methylprednisolone in Group A as compared to 11 \[24%\] in Group B \[*P* = 0.31\]) and operating surgeon did not have any effect on improvement of neurological recovery (*P* - 0.99).

###### 

Improvement in both group
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Quality of life related to general health {#sec2-9}
-----------------------------------------

**Short Form-36 score**

Preoperative and postoperative quality of life scores improved significantly, but intergroup difference in improvement was not significant between two groups on statistical analysis. There was marked improvement in GH (General Perception of Health), SF (Social Functioning), role emotional, and Mental Composed Score in both groups, this difference was statistically not significant.

**Fusion rate in both patient groups**

Twenty patients (60%) showed a bony fusion of Bridwell Grade I/II at last follow-up. In Group A, good fusion rate was 54% as compared to 59% in Group B (*P* - 0.99) \[[Table 6](#T6){ref-type="table"}\].

###### 

Fusion rate in patients groups according to Bridwell criteria
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Discussion {#sec1-4}
==========

Experimental studies of decompression in acute spinal cord injury in animal models {#sec2-10}
----------------------------------------------------------------------------------

There is convincing evidence from laboratory studies in various animal models that persistent compression of the spinal cord is a potentially reversible form of secondary injury.\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref17][@ref18][@ref19]\] These studies have consistently shown that neurologic recovery is enhanced by early decompression. Using a canine model, Delamarter *et al.*\[[@ref6]\] demonstrated a statistically significant correlation between the duration of spinal cord compression and the degree of neurological recovery. Dimar *et al.*\[[@ref7]\] provided the most compelling experimental evidence using a weight drop model in rat that showed spinal cord decompression after SCI is beneficial. The neurologic recovery was inversely related to the duration of compression, with statistically significant differences seen in all experimental groups. Carlson *et al.*\[[@ref10]\] also reported similar results in dogs.

Some investigators have indicated that neither spinal surgery nor anatomic realignment of the spinal column improved neurologic outcome in patients with acute SCI, with the possible exception of bilateral locked facets.\[[@ref20][@ref21][@ref22]\]

Role of Timing of surgery in the treatment of acute spinal cord injury {#sec2-11}
----------------------------------------------------------------------

There are few published studies in literature, which are prospective, controlled studies of surgical decompression in acute SCI\[[@ref23][@ref24][@ref25][@ref26][@ref27][@ref28]\] Papadopoulos.\[[@ref20]\] evaluated 91 patients with acute cervical SCI. Thirty-nine out of 66 patients in the protocol group (MRI ± surgery) had improvement, including some presenting with a complete SCI, compared to 6 out of 25 in the control group. La Rosa *et al.*\[[@ref17]\] in systemic review of all studies published between 1966 and 2000 concluded that early (\<24 h) surgical decompression in patients with incomplete injuries resulted in better neurologic outcomes than patients treated with either delayed decompression (\>24 h) or nonoperative treatment.\[[@ref29]\] A number of investigators have advocated early reduction (4--10 h) and operative fixation of spinal fractures in patients with acute SCI.\[[@ref23][@ref24][@ref25][@ref30][@ref31]\] These studies suggest that early decompression may enhance neurologic recovery in selected patients with SCI. However, most of these studies lack randomization or appropriate controls and thus, represent Class III evidence only. The clinical benefits of early surgery for fracture dislocations of the spine are difficult to assess in the absence of Class I data.\[[@ref26][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38][@ref39][@ref40][@ref41][@ref42]\]

In contrast, several prospective studies.\[[@ref24][@ref27]\] have failed to document a beneficial effect of early surgical decompression. In the prospective trial by Vaccaro *et al.*,\[[@ref19]\] they compared patients who had early surgery (\<72 h after injury) with those who had late surgery (\>5 days after injury). They concluded that there is no significant neurologic benefit when cervical spinal cord decompression is performed \<72 h after injury as opposed to waiting longer than 5 days. In their retrospective study of 412 patients, Pollard and Apple\[[@ref43]\] concluded that early surgery (\<24 h) was not associated with improved neurologic outcome, but these conclusions must be interpreted very cautiously since only 49% of patients (202) had baseline neurologic assessments, and 168 were lost to follow-up. Larson *et al.*\[[@ref44]\] advocated operating a week or more after SCI to allow medical and neurologic stabilization of the injured patient. This remains the practice in many institutions, particularly in light of early reports suggesting an increased rate of medical complications with early surgery (\<5 days after SCI).\[[@ref42]\] Interestingly, a number of investigators have documented recovery of neurologic function after delayed decompression of the spinal cord (months to years) after the injury.\[[@ref45][@ref46][@ref47][@ref48]\] Although these studies are retrospective in design (Class III evidence), the improvement in neurologic function with delayed decompression in patients with cervical SCI who have had a plateau in their recovery is noteworthy and suggests that compression of the cord is an important contributing cause of neurologic dysfunction.

Although reports of significant neurologic improvement in some cervical cases decompressed by early traction are encouraging, they do not provide sufficient evidence to support standards or guidelines.\[[@ref24][@ref30][@ref35][@ref38]\] Cotler *et al.*\[[@ref28]\] in their prospective study examined the safety and efficacy of early reduction by traction in 24 patients and found no neurologic deterioration in any of the patients, most of whom had successful reduction with closed techniques within 24 h of injury. But, Tator *et al.*\[[@ref37]\] documented an 8.1% rate of neurologic deterioration (majority were transient radicular deficits cleared with a reduction in weight) with attempts at the closed reduction in 585 cases.

These data and a number of other Class II studies\[[@ref20][@ref25][@ref29][@ref35][@ref36][@ref37][@ref38][@ref39][@ref40]\] support a recommendation for urgent reduction of bilateral locked facets in a patient with incomplete tetraplegia or in a patient with neurologic deterioration. Importantly, no study has associated adverse neurologic outcomes with early surgical intervention, regardless of a specific time cut-off.\[[@ref49]\]

Fehlings *et al.*\[[@ref50]\] published the Surgical Timing in Acute Spinal Cord Injury Study (STASCIS) trial and recommend decompression before 24 h after SCI is associated with improved neurologic outcome and less complication rate at 6 months follow-up. In our study, neurological improvement (at least 1 ASIA grade) at mean follow-up of 8.7 months was 69% patients in the early group compared to 59% in the late group. Two or more AIS grade improvement was seen in 31% in the early group and 32% patients in the late surgical group. Preoperative ASIA Grade A injury patients showed improvement in 26% of patients in our study, which is comparable to historical rate of 15--25%\[[@ref51]\] [Table 7](#T7){ref-type="table"} tabulates the important studies of surgical decompression in cervical spine injury.

###### 

Various published clinical studies of surgical decompression in acute cervical spinal cord injury
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Effect of surgery on complications and length of stay after spinal cord injury {#sec2-12}
------------------------------------------------------------------------------

Duh *et al.*\[[@ref22]\] showed that patients operated in the first 24 h had a lower rate of complications than those undergoing surgery later. In the prospective, randomized trial by Vaccaro *et al.*,\[[@ref19]\] there was no significant difference in length of acute postoperative intensive care stay or length of inpatient rehabilitation between the early and late groups, which has been reiterated by others as well.\[[@ref23][@ref32]\] In the present study also, we confirmed that there is no statistically significant difference in length of intensive care unit stay or in hospital stay between two groups. McKinley *et al.*\[[@ref52]\] have reported that early surgery is associated with shorter hospitalization, reduced pulmonary complications, and equivalent neurologic outcomes as delayed surgery. In STASCIS trial, there were no significant differences in complication in between two groups. In present study rate of complications among early surgery group were less than late group (43% vs. 61%), but not statistically significant.\[[@ref49]\]

Improvement in quality of life-related to general health was also comparable in both the groups without significant change. However, intra-group improvement was significant. Quality of life is not studied well after cervical spine injury in the context of timing of surgery from injury. Very few studies reported in the literature show improvement in quality of life after surgery as compared to nonoperative treatment.\[[@ref50][@ref53]\]

Limitation of our study is that the number of patients included in the study was less. Timing of surgical intervention in the early surgery group was 48 h, which may need to be lessened as in literature early surgery were defined as \<24 h or \<8 h in some studies. Surgeon\'s selection bias was another drawback of this study as there were 8 operating surgeons with different surgical experience. However, there was no significant difference in improvement between operating surgeon. Therefore, further well-designed studies with long follow-ups are required to evaluate the role of early surgery accurately in acute subaxial cervical spine injury.

Conclusions {#sec1-5}
===========

Early surgical decompression in acute cervical spinal cord trauma is safe and associated with improvement in quality of life/neurological status/shorter hospital stay. There was a significant improvement in the quality of life in all patients. The early surgery group had less complications and mortality rate as compared to late/delayed surgical decompression in acute subaxial cervical spinal cord trauma patients.
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